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Description 

Technteal Held 

pwcn] This is a relatBd U.S. Patent 5,792,944 tlUed 9 
POWER SUPPLY MONITOR AND CONTROL FOR 
h^EDICAL INSTRUMENT, U.S. 5,522^55 titled FLUID 
DOSE, FLOW AND COAGULATION SENSOR FOR 
MEDICAL INSTRUMENT, U.S. 5,841,023 titled MAG- 
NETIC SYSTEM FOR MEDICAL INSTRUMENT, EP 
717 838 titled REAGENT AND METHOD OF ITS USE, 
and U.S.5,526,111 titled METHOD AND APPARATUS 
FOR OPERATING A MEDICAL INSTRUMENT, all filed 
on the same date as this application and assigned to the 
same assignee. 

[0002] This invention relates to method end appare- 
tus for eliminating switching noise produced t>y, and 
characteristic of, digitai control circuitry. It is disclosed 
In the context of digital control circuitry for a blood co- 
agulation instrument, but Is believed to be useful in other 
contexts as well. 

BadqaroundArt 

[0003] At present, heater plate controls for blood co- 
agulation testing instruments and the like employ algo- 
rithm-based, proportional-integral-derivative (FID) oon- 
troHers. These types of controneia employ microcontrol- 
lers OiCs) which use analog-to-digital (A/D) converted 
heater plate tOTperature data and a stored PID control 
algorithm to determine and update continuously a cur- 
rent source duty cycle. 

Disclosure of the Invention 

[0004] The present invention provides continuous 
control rather than the prior art i^ D-A/D controOei's dis^ 
crate control. Continuous control provides Infinite reso- 
lution as opposed to the prior arfs discrete resolutions. 
PID-A/D controlters are limited in their accuracy by such 
parameters as A/D converter and ^C input/butput (I/O) 
sampling rates. The continuous analog system of the 
invention therefore imparts lessrippleaboutthesetpoint 
temperature than such prior art systems. This enhanced 
temperature control Is Important, particularty in instal- 
ments In which a very small sample of, for example, 
blood is being analyzed for a somewhat temperature- 
sensitive characteristic, such as coagulation time. 
[0006] According to the invention, the heat output erf 
a heater plate is programmed and regulated. iilL0tratlve- 
ly, it is programmed and regulated to control the heat of 
the heater plate at one of two different pred^ennlned 
temperatures. 

[0008] According to an illustrative embodiment of the 
invention, a thermistor which monitors the temperature 
of the heater plate is the fisedback element of an analog 
heater control. The thermistor is coupled in a variable 
rssistance leg of a bridge circuit An operational ampli- 



fier Is coupled to the bridge circuit and seeks to balance 
the bridge by varying the power supplied by the opera- 
tional amplifier's output terminal via a transistor to the 
heater plate. A piC selects one of the two predetemnined 
temperatures, based upon certain control parameters, 
and provides this informatk)n to the operational amplifi- 
er. The |iC also enables/disables the heater control cir- 
cuitry. A fail-safe circuit is employed to prevent themnai 
runaway of the heater plate in the event of ihennistor 
open circuit ffallura, removal of the themitotor from cir- 
cuit, or the like. 

[0007] The heater control circuit Is designed to bring 
a heater element, such as a blood sample heater plate, 
to a desired setpolnt temperature and regulate the sys^ 
tern to that temperature. The system Is hardware pro- 
grBmmak>ie to two desired setpolnt temperatures, illus- 
tratively 44''C to heat a bteod sample quickly from room 
temperature toward body temperature, and 39°C to 
maintain the sampte at body temperature during the 
dotting time test. The setpolnt temperatures are select- 
ed by the ^C I/O port line. The ^C also controls enabling 
and disabling of the control drcult 
[OOOfl] The feedback elemenit In the temperature con- 
trol circuit is a thermistor. The thermistor Is an element 
of a variable leg of a bridge drcult The bridge circuit is 
coupled to an Input terminal of a difierentlal amplifier. 
The differentiai ampOfier senses the voltage diflerential 
between a refsrenoe leg of the bridge drcult and the var- 
iable leg with the thermistor element The differential 
amplifier output terminal drives the heater ptate accord- 
ingly in order to meet the desired setpolnt temperature. 
Once the system tias reached the desired setpoint tem- 
perature, the bridge drcult will be balanced and the dif- 
ferential amplifier will continue to keep the bridge bal- 
ance, regulating the heater plate temperature at the de- 
sired set point 

10009] The system is provUed with fault protection to 
prevent a hazardous overiieaHng oonditton if the ther- 
mistor is damaged or Is missing from the bridge drcuit. 
The heater control drcult shute down in response to 
sensing of a fault, in addition, to minimis overheating 
of the heater element, the ^C is progiammed to drive 
the heater element to a predetermined maximum power 
limit The ^C can also monitor the drive to the heater 
element to detemnine wfiether the circuitry is functioning 
properiy. 

[0010] According to an aspectof the Invention, a com- 
bination heater and heater control Is provUed for an in- 
stmment for monitoring a reactton which occurs when 
the rsactante are heated. The heater comprises an eieo- 
trfcaliy rssistive pattem. Me&ns are provided tor sup- 
porting the pattern in heat conducting relationship to the 
rsactante when ihe Instrument Is in use. Means are pro- 
vided for monitoring Ihe temperature of the support 
means. The means for monitoring the temperature of 
the support means b mounted adjacent the support 
means. The monitoring mear« and pattem are coupled 
to the heater control. 
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[001 1] Illustratively, the system is Incorporated Into an 
Instrument for determining the coagulation time of 
blood, a blood fraction or a oontnol. The Instrument com- 
prises a first temperature setpolnt control an d a second 
temperature setpolnt control. 
[0012] According to another aspect of the invention, 
an instrument for determining the coagulation time of 
blood, a blood fraction or a control includes a heater and 
a heater control. The heater comprises a heater ele- 
ment. Means are provided for supporting the heater el- 
ement In heat conducting relationship to the blood, 
blood fraction or oontrol when the instrument is in use. 
Means are provided fbr monitoring the temperature of 
the support means. The means for monttDrfng the tem- 
perature of the support means is mounted adjacent the 
support means. The heater corrtrol comprises a first 
temperature setpolnt control and a second temperature 
setpolnt control. The monitoring means and the heater 
element are coupled to ttie heater control. 
[0013] Additionally, iliustrath/ely, the instrument com- 
prises e controller and the second temperature setpoint 
control comprises an output temriinal of the controller fbr 
providing a signal that the support means is to K>e heated 
from ambient temperstune for conducting a coagulation 
time test. 

[0014] Further, lliustrativeiy, the heater control, the 
monitoring means and the means fbr coupling the mon- 
itoring means to the heater control together comprise a 
differenHal empHfier and a bridge circuit having first, sec- 
ond, third and fourth bridge legs. The differential ampli- 
fier includes an inverting input tenninal and a non-invert- 
ing Input terminal. The inverting input tenninal and the 
first and second legs of the bridge are coupled together 
in a circuit. The non-inverting input terminal and the third 
and fourth legs of the bridge are coupled together In a 
drcurt The second leg of the bridge Includes the first 
temperature setpolnt control. Tlie fburth leg of the bridge 
includes tlie means for monitoring the temperature of 
the support means. 

[001 q Illustratively, the means for monitoring the tem- 
perature of the support means comprises a temperature 
sensitive element 

PIOIQ] Additionally, Illustratively, the first temperature 
setpoint control comprises a potentiomsler fbr setting 
the temperature at which the support means is to be 
maintained during the reaction. 

Brief Description of Drawings 

[0017] The invention may t>est be understood tiy re- 
ining to the fbilowing de^Tlption and accompanying 
drawings which Diustrate the invention. In the drawings: 

Rg. 1 lilustFBtes an exploded perspective view of an 
Instrument constnjcted according to the present In- 
vention; 

Rg. 2 lilustrBtBS a fragmentary exploded perspec- 
tive view of the bottom portion of the Instrument D- 



iustiated in Rg. 1; 

Rg. 3 Illustrates a fragmentary exploded perspec- 
tive view of the top portion of the instrument illus- 
trated In Rg. 1; 

Rg. 4 illustrates an exploded perspecdve view of a 

detail of Rg.1; 

Rg. 5 iDustrates an exploded perspective views of 
a detail of Rgs. 4; 

Rg. 6 illustrates an enlarged exploded perspective 
view of a detail of Fig. 5; 

Rg. 78-b illustrate an enlarged, fragmentary, ex- 
ploded perspective view and a fragmentary bottom 
plan view, respectlvety, of a detail of Fig. 5; 
Figs. 6a-c illustrate a top perspective view, a dlfTer- 
ent top perspective view, and a bottom perspective 
view, respectively, of a detail of Rg. 5; 
Rgs. 9a-b illustrate an exploded bottom perspective 
view and an exploded top perspective view, respec- 
tively, of a detail of Rg. 5; 
Rg. lOlilustratesatopplanvlewofadetailof Flg.5; 
Rgs lla-d Illustrate e9q>loded perspective views of 
details of Rg. 4; 

Rgs. 12a-biilu8trateperBpectiveviewsf!om1wodif- 
ferent perspectives of a d^il of Rg. 4; 
Rg. 13 illustrates a block diagram of the electrical 
system of the instrument of F^. 1; 
Rg. 14illu8tratesa8chematicdiagramofanelectric 
circuit of the Instrument of Rgs. 1 and 13; 
Rgs. 15a-b lilustrete a schematic diagram of an 
electric circuit of the instalment of Rgs. 1 and 13; 
Rg. 16 Illustrates a reflected light signal and a rec- 
tified reflected light envelope according to the 
present Invention; 

Rgs. 17a-b illustrate enlarged fragmentary longitu- 
dinal sectional views talcen generally along section 
Dnes 17-17 of Rg. 4; 

Rg. 18 Diustrates a detected Oght profile according 
to the present invention; end, 
Rg. 19 Biustrates two waveforms useful in under- 
standing a start noise immunization technique em- 
ployed in an Instalment constructed according to 
the present Invention. 

Modefs) fbr Carrying Out the Invention 

fpoiq The fbllowing schematic and block circuit dia- 
gram descrfptlons identify specific integrated circuits 
end other components and In many cases specific 
sources for these. Specific terminal and pin names and 
numbers are generally given in connection with these 
for the purposes of completeness. It is to be understood 
that these terminal and pin Identifiers are provided for 
these spedflcally identtfled components, it Is to be un- 
derstood that this does not constitute a representation, 
nor should any such representation be infbfred, that the 
spedfic components or sources era the only compo- 
nents avBiiat>ie from the same or any other sources ca- 
pable of perfbnning the necessary functions. It is farther 
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to be understood that other suitable oomponents avail- 
able from the same or different sources may not use the 
same terminal/pin IdentHiers as those provided In this 
description. 

proiq An instmment 100 for determining the coagu- ^ 
latlon time of a specimen, whether of biood or of a con- 
trol, inciudes a housing 102 comprising a hoiking bot- 
tom 1 04 and a housing top 1 06. Top 1 08 is provided with 
a battery door 1 08 which covers a batteiy wen 11 0 hous^ 
ing the instrnment 100*5 batteiy power source (not 
shown). Bottom 104 houses a piezoelectric beeper 112, 
and a printed circuit board (PCB) 114 onto which are 
assembled various circuit components which wfll be de- 
scribed later. An opUcs assembly 118, a soclcet 116 for 
a test parameteis electronically erasable programmable 
read-only memory (EEPROM) key 119 of the type de- 
scribed In U.S. Patents. 053,199, a socket 120 tor serial 
data communication, and a power supply connector 122 
for connection of instrument 100 to an esdemal AG/DC 
adapter (not shown) for operation thereby In lieu of the 
batteries (not shown) wHh which instrument 100 is typ- 
ically equipped, are also assembled onto PCB 114. 
pioao] Optics assembly 116 Includes a covered 126 
strip adapter top assembly 132 hinged 126 to a strip 
adapter bottom assOTbty 1 30. Strip adapter bottom as- 
sembly 130 indudes a magnet assembly 140 held to 
bottom assembly 130 by a spring clip retainer 142. M^- 
net asseiAbly 140 Includes a coil 144 wound on a bobbin 
146 which Is positioned over the center leg 146 of an E- 
core 150. "Hie end legs 152 of E-oore 150 lie outside coil 
144. A bias magnet 164 Is placed over the end of the 
center leg 146 and Issupported on one end of the bobbin 
146. A connector 156 permits electrical connections to 
bemadetocdi 144. 

[0021] Strip adapter bottom assembly 130 also in- 
cludes a sample port housing assembly 160 havir^ a 
housing 1 62 within which are mounted a photodiode 164 
and an LED 166. Photodiode 164 senses light generat- 
ed by LED 166 and reflected from the sample and strip 
101 to provide an Indication that a sample, be it blood 
or control, has been applied to instnjment 100 for test- 
ing. A connector 166 provides for electrical oonnedions 
to photodiode 164 and LED 166. A clamp 170 r^lns 
LED 166 in housing 162. The angle between the axes 
of the LED 166 and photodiode 164 openings 172, 174, 
respectively, is about 15*^. 

PHK22] Strip adapter bottom assembly 130 also In- 
cludes a heater assembly 180 Indudbng a heater foil 162 
constmcted fh)m two Kapton/WA polyamlde films be- 
tween which Is sandwiched a coppernickel foil trace 1 83 
having a resistance of about 13 n and an output power 
orabout2W. Athennaifuse 184 and a thennistor 166 
are mounted onthe side of the foil 162 opposite the heal- 
er trace. Thermal fuse 184 is coupled through the foil 
182 between one terminal 168 of the heater foil trace 
and the - HEATER terminal of a heater circuit. Contact 
is made to the leads of thermistor 166 from the THer- 
mistor ♦and - leads of the heater circuit through a hole 



1 90 in the foil 182. An aluminum nitride heater plate 192 
having a Dght reflecting top surface 194 attached to 
fdi 162 over the heater pattern area 193 of the heater 
trace using a Ihennosetting actylic adhesive. Electrical 
connections are made to heater assembly 1 60 through 
a connector 196. 

[002^ A transparent po^carbonate window 200 Is 
adhesh^ly attached to a region 202 of strip adapter bot- 
tom assembly housing 203 which is fonned with a series 
of eight transversely extending silt openings 204-1 - 
204-8, respectively. A transparent potycartx)nate win- 
dow 206 is provided with an opaque glossy black coat- 
ing 206 over part of its surface and an opaque glossy 
yellow coating 210 over part of its surface. Ttie remain- 
der211 of window 206 remains transparent Remainder 
211 overlies a sift 213 in housing 203 through which ra- 
diation from LED 168 is transmitted to the sample and 
through which remission from the sample Is detected by 
photodiode 164. The yellow region 210 visible to the us- 
er of instrument 100 indicates where the sample, be it 
blood or control, is to be placed on a transparent dis- 
posable strip 101, such as those illustrated and de- 
scribed In U.S. Patent 4,649,340 or the CoaguChek™ 
coagulation system test strip available from Boehringer 
IMannheim Corporation, 9115 Hague l^d, Indianapo- 
lis. Indiana 48250, when the disporable strip 101 is 
property located in the optics assembly 118. Apush-but- 
ton latch 214 including a button 216 biased Into locking 
position by a sdssors-shaped oompresston spring 216 
completes strip adapter bottom assembly 130. 
[0024] Strip adapter top assembly 1 32 includes a strip 
adapter top 222 into which Is mounted a bar code read- 
ing photodkxie 224 with an elongated active region ex- 
posed through a slot 226 and a transparent polycar- 
bonate window 228 adhesively mounted on the under- 
stoe of top 222 to ctose stot 228. A photosensor bracket 
230 captures photodiode 224 In position adjacent slot 
226. %st strip clamps containing foam springs 232, use- 
ful in pressing test strip 101 against heater plate 192, 
have tabs that fit into tocatlng openings provided there- 
for in the floor of top 222. Space 235 is provided between 
clamps 232 to accommodate a positioning bracket 236 
which is mounted on the underskto of PCB 234 and ex- 
tends downward therefrom into space 235. START LED 
238 and Fi LL LED 240 are mounted r^pectlveiy in front 
of and behind poslttoning bracket 236 angled at about 
5*" to the nomial plane of incidence on PCB 234. A pho- 
todiode 242 with a daylight filter Is mounted on PCB 234 
inside positioning bracket 236. All three of components 
238, 240, 242 are exposed downward through openings 
provkJed therefor in the bottom of strip adapter top 222 
of the strip adapter top assembly 132. A MAIN assay 
LED 244 Is mounted In an opening 246 provided Iherefbr 
in strip adaptertop 222 and Is hekl in place by a hokfing 
damp 248. The leads of LED 244 are connected to PCB 
234. The axis of opening 246 makes an angle of about 
45'' with the axis of the opening for photodtode 242 and 
InterBectB It. 
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[0025] A popHjp bracket 250 is spring 252-loaded into 
an opening provided therelbr In a rear end wall 254 of 
strip adapter top 222 to cause the strip adapter top as^ 
sembty 132 to pop up wlien button 21 6 is pushed. An 
eieven-oonductor flat cable 266 and connector 266 0 
rrelce the connections between the components mount- 
ed on PCB 234 and the remaining circuits of the PCB 
114. PawK-type catches 260 extend downward from the 
two forward comers cf strip adapter top 222. Openings 
262 are provided adjacent the front comers of strip 
adapter bottom asseml}ly 1 30 to accommodate catches 
260. Cooperating tongues 263 on button 216 are urged 
Into engagement with catches 260 by spring 218 when 
strip adapter bottom assembly 130 and top assembly 
132 are dosed together. Aflag 264 which extends down- 
ward from a side edge of strip adapter top 222 extends 
Into a slot 266 provided for this purpose In strip adapter 
bottom assembly 130 where flag 264 interrupts a Qght 
path from a source to a detector to indicate that the strip 
adapter top and bottom assemblies 132, 130. respeo- 
tiv^y, are dosed together. 

[OOZq The electrical circuitry on PCB 1 1 4 powera and 
reads the various sensors induded on the coagulation 
optics drcuit 270 on PCB 234. •I-5V and SSf are supplied 
to drcuit 270 through temiinals 258-5 and 258-1, re- 
spectively, of connector 258. Unregulated voltage is 
supplied to terminal 258-8 of connector 258. Ground for 
drcuit 270 Is provided attermlnals 258-2,4 and 7or con- 
nector 258. A capacitor Is coupled across temiinals 
258-8 and 258-2. 4. 7. The anodes of LEDs 238. 240. 
244 are all coupled to temnlnai 268-8. TTie cathode of 
LED 238 Is coupled to the START terminal, terminal 
258-11, of connector 258. The cathode of LED 240 is 
coupled to the FILL terminal, temilnai 258-10, of con- 
nector 258. The cathode of LED 244 Is coupled to the 
MAIN temninal, t^minal 258-9, of connector 258. 
piOZT] The anodes of photocfiodes 224, 242 are cou- 
pled through a leslstor 273 to terminal 258-1 . The cath- 
ode of photodiode 242 is coupled to the - input terminal 
of an operational amplifier 274. The + Input terminal of 
operational amplifier 274 Is coupled to the anodes of 
photodiodes 224, 242. The output terminal of operation- 
al amplifier 274 is coupled to its - input terminal through 
a paraiiei RC feedback drcurt The output terminal of 
operational amplifier 274 Is also coupled to the DETed 
terminal, terminal 258-3, of connector 258. 
I002q The cathode of photodiode 224 is coupled to 
the - input temiinal of an operational amplifier 278. The 
•I- input terminal of operational amplifier 278 Is coupled 
to the anodes of photodiodes 224, 242. The output ter- 
minal of operational amplifier 278 is coupled to Its - input 
temiinal through a parallel RC fisedback drcuit The out- 
put terminal of differentlai amplifier 278 is also coupled 
to the CodeBaR OUTput terminal, terminal 268-6, of 
connector 258. 

[0029] A -t-V terminal of a 2.5V reference voltage 
source 279 Is coupled to terminals 258-2, -4 and -7 of 
connector 258. The - terminal of reference voltage 



source 279 is coupled to the enodes of photodiodes 224, 
242, to the Input terminals of operational amplifiers 
274, 278, and through resistor 273 to the -SV terminal, 
258-1, of connector 258. 

[0O30] Theeiedricdrcuitry280 mounted on PCB 114 
processes the various signals from drcuitry 270, as well 
as others which circuitry 280 generates Hself or receives 
from the user of Instalment 100, or which are generated 
«demalty to instrument 100. An Intel type N83C51FC 
eighl-bit microoontroiler (^C) 284 has date terminals 
PO.O - P0.7 coupled to DATA lines 0-7, respectively, of 
an Instmment 100 bus 286. \iC 284 address terminals 
P2.0 - P2 4 and P2.6 - P2.7 are coupled to address lines 
A&A12 a nd A14 -A16, respectively, of bus 286. The 
ReaD and WRite temiinals, P3.7 and P3.6, respe dive- 
iy. of ^iC 284, are coupted to the Read Data and 
wnte Data lines, respectively, of bus 286. An Address 
Latch Enabte terminal of ^C 284 is coupled to the ALE 
terminal of a Toshiba type TC11L003AU-1031 applica- 
tion spedfic programmatHe gate anay integrated drcuit 
(ASIC) 290. The TIP (transmit) terminal 120-2 of serial 
data port socket 120 is coupled through the parallel 
comlMnatlon of a capadtorand a resistor to ground, and 
through a series resistor to the Transmit Date (TXD) ter- 
minal P3.1 of ^C 284. The FUNG (receive) terminal 
1 20-3 of serial data port soclcet 120 Is coupted through 
the parallel combination of a capadtorand a resistor to 
ground and through a series lestetor to the Receive Date 
(RXD) temilnai P3.0 of ^C 284. The GrouND terminal 
120-1 of soclcet 120 is coupled to ground. 
[0031] The CS temiinal 1 18-1 of ROM key socket 118 
is coupled through a 6.2V Zener diode to ground and 
directly to a Code ROIM IC chip Seled OutPut temilnai 
22 of ASIC 290. The SK temiinal, 118-2, of ROM key 
socket 118 Is coupted through a Zener diode to ground 
and directly to the CLOCK terminal, terminal PI .0, of ^.C 
284. it is also coupled to the SK terminal of an EEPROM 
282 internal to instrument 100. EEPROM 292 generaly 
contains the meter 100 charaderizing parameters. The 
Dl and DO terminals, terminals 118-3 and 4, of socket 
1 18 ars coupled to each other, to ground through a Zen- 
er diode, directly to the Di end DOtermlnals of EEPROM 
282, and directly to the EEDI/DO terminal P3.S, of ^C 
284. Terminal 118-5 (rf socket 118 Is coupled to ground. 
Terminal 118-8 of socket 118 is coupled to the system 
+5V supply. 

[003?] The time base tor |iC 284 is generated by a 
73728 MHz crystal whteh te coupled across terminals 
XI -X2 thereof. A capadtor Is coupled tietween each ter- 
minal of the oystal and ground . Terminal PI .5 (rf |iC 284 
is coupled to a resistive voltege divider In a beeper 112 
driver drcuit 294. The common terminal of the series 
resistors is coupled to the base of a dr1vertran8i8tor298. 
The coiledorctf transistor 296 is coupled through a pull- 
up resistor to -*-5V and diredly to one terminal of beeper 
112. The emitter of transistor 296 and the other temiinal 
of beeper 112 are both coupled to ground. TVvo diodes 
damp the collector of transistor 298 between ground 
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and -•'5V. 

[003^ The data terminals DO-D7 of a 6K by 8 static 
random access memory (SRAM) 300 are coupled to the 
DATA 0-DATA 7 lines, respectively, of bus 286. TTie ad- 
dress terminals A0-A12 of SRAM 300 are coupled via 
the system bus 286 to the A0-A7 terminals of ASIC 290 
and th e A8-A12temilnats of 284, respectively. The 
ReaD and WRte term inals o f SR AM 30 0 are coupled 
via the bus 286 to the ReaD and WRite terminals, re- 
spectively, of \JiC 284. The CE2 terminal of SRAM 300 
Is coupled to the Junction of a resistor and a capacitor. 
The other ternilnal of the resistor is coupled to The 
other temilnal of the capacitor is coupled to ground. The 
CE2 terminal Is damped via a diode to +6V. The DATA 
0-DATA 7 terrhinals of a two line by sixteen character 
display 302 are coupled to the DATA 0-DATA7 terminals 
of bus 286. The DISRay ENable terminal of display 302 
is coupled via bus 286 to the DISPlay ENable terminal 
of ASIC 280. The AO^I terminals of display 302 are 
coupled to the A0-A1 terminals, respectively, of bus286. 
The GrouND terminal of display 302 is coupled to the 
system ground and the VDD temnlnai of display 302 Is 
coupled to -i-GV. Tbrminal 3 of display 302 is coupled 
through a resistor to ground and through a resistor to 
♦5V. An Instrument 100 iceypad switch has Its ON/OFF 
terminal connected to the source of a field effect tran- 
sistor (PET) 303 in instrument 100's power supply circuit 
304. TTie YES terminal of the switch ia coupled to InPut 
terminal 1 ASIC 290. The NO terminal of the switch 
is coupled to InPut ternilnal 2 of ASIC 290. The YES and 
NO terminals are also coupled through respective puH- 
up resistors to +5V. 

[0034] Battery badc-up protection is provided to 
SRAM 300 by a circuit Including a 3.3V regulator 306. 
The terminal of regulator 306 coupled to the Junc- 
tion of a resistor and a capacitor. The 6&\er terminal erf 
the capacitor Is coupled to ground. The other terminal 
of the resistor is coupled to the cathode of a diode, the 
anode of which is coupled to -••VBAT. The V^^^ terminal 
of regulator 306 is coupled across a series resistive volt- 
age <fivider Including a resistor 308 and a resistor 310 
to ground. is also coupled to the emitter of a tran- 
sislDr312. Thejunction of reststors 308, 310 is coupled 
to the base of a transistor 314. The emitter of transistor 
3 1 4 is coupled to ground. Its coflector is coupled through 
a seri^ resistor to the base of transistor 31 2. TTie cot- 
ledor of transistor 312 Is coupled to the BATtery 1 ter- 
minal of a real time clocic 316, and to one terminal of a 
capacitor, the other terminal of which Is coupled to 
ground. The D and Q temninais of IC 316 a re coupled to 
the DATA 0 line of bus 286. The CEI , CEO . WE and OE 
terminals of tC 316 are coupled to terminal P2,7(A15) 
of ^C 284, terminal CE of SRAM 3 00, the VWte Data 
line of bus 286, and the Read Data line of bus 288, re- 
spectively. THe VCC OUTPUT terminal of IC 316 Is cou- 
pled to the VDD terminal of SI^AM 300 and through a 
capacitor to ground. The time base for IC 316 Is gener^ 
ated by a 32.766 KHz cryatai coupled across terminals 



X1-X2 thereof. 

I903Q The PoWeRINlbnrupt, MAIN ConlVoUHeaT- 
eR ON/OFF, A/D OUT, A/D A, A/D B, power SUPPLY 
ON, SAMPLE ConTroU and MAGnet 1 ConTroL termi- 

0 nets, terminals P3J2, P3.3, P3.4, P1.1, P1.2, P1.3, P1 A 
PI .6 and PI .7. respectivdy of ^C 284, are coupled to 
the power supply drciflt 304, the main LED driver In an 
LED driver circuit 320, the heater control circuit 322, the 
COMParator OUTput terminal of a Teledyne type 

10 TSC500ACOE A/D converter IC 324 In the analog sec- 
tion of Instrument 100. the A terminal of A/D 324, the B 
terminal of A/D 324. power supply circuit 304, the sam- 
ple port circuit 326, and the magnet current control di^ 
cutt328. 

16 [OOSq The Input 3 terminal ofASIC 290 is coupled to 
en optical switch 486. The OutPut 10-17 terminals of 
ASIC 290 are coupled to the barcode LED array driver 
circuit 330. The OutPut terminals 20, 21 , 24 and 25 of 
ASIC 290 are coupled to the setpoint temperature con- 

20 trol of heater driver drcuit 322, the LATCH ENABLE ter- 
minal of an elght-to^e analog multiplexer 332 In the 
analog section of instalment 100, the fill LED driver In 
drcuit 320, and the start LED driver In drcuit 320, re- 
spectively. The Address 0-2 lines of bus 286 are coupled 

2ff to the A. B and C terminals, respedively, of multiplexer 
332. 

[0037] Power supply circuit 304 includes an instru- 
ment 1 00 battery connector 334 having +VBAT terminal 
334-1 and ground terminal connector 334-2 and AC/DC 

30 converter power supply connector 122 having +ViN ter- 
minals 122-3 and 6 connected together and ORouNd 
terminals 122-1 and 4 connected together. -t-VBAT is 
coupled through a series resistor to the gate of FET 303. 
The drain of FET 303 is coupled through two series re- 

3S sistors 336, 336 to the base of a transistor 340. The emit- 
t^- of transistor 340 is coupled to Its base through the 
series combination of a resistor and a diode, through a 
diode and 2.0 ampere fuse to '•*ViN, and through a par- 
allel comt>ination of a transient suppressor diode, a re- 

40 sistor and a capacitor to ground. The Junction of resls^ 
tors 336, 338 is coupled through a resistor to the base 
of a transistor 342. The emitter of transistor 342 is cou- 
pled to the base of transistor 340. The ooilector of tran- 
sistor 342 Is coupled through two series resistors to 

46 ground. The common temrtlnal of these resistors is cou- 
pled to the base of a transistor 346. The emitter of tran- 
sistor 346 is coupled to ground and Its coflector is cou- 
pled through a pull-up resistor to -*-5V. The collector of 
transistor 346 Is also coupled to InPut termlnaiO of ASIC 

60 290. 

[0038] The emitter of a transistor 350 is coupled to 
•t-VBAT. +VBAT Is oouptod through a resistor and a diode 
in series to the base of transistor 360. Tlie base of tran- 
sistor 350 is coupled through a diode 351 to the base of 
65 transistor 340. The base of transistDr 340 Is coupled 
through a parallel resistance netwoffc to the collector of 
a transistor352. The emitter of transtetor 352 is coupled 
to ground, its base is coupled through a resistor to 
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ground and through a resistor to the ooliector of a tran- 
sistor 354. The emitter of transistor 354 Is coupled to 
♦SV Analog. The base of transistor 354 is coupled 
through a resistor to +5VA. TTie base of transistor 354 
Is also coupled through a resistor to terminal P1^ of piC 5 
284. Once the on/off key to meter 100 is depressed upon 
tum-on, enough time is given for the +5V supply to come 
up and the piC 284 to reset itself (once supply has 
been applied to Its Vqo pin) and then to have temunal 
P1.4 of }iC 284 lateh the system ♦SV supply on. This 
temiinal is also used to shut the system down in an or- 
derly fashion. VUNREGulated appears at the coUector 
of translslor 350 and at the cathode of a diode 356, the 
anode of which Is coupled to the collector of transistor 
340. 

[0038] Regulation is Initiated by battery voltage 
4VBAT on the gate of FET 303. If the battery Is In badc- 
ward, or \s below minimum regulation level and no AC/ 
DC adapteris connected to Instmment 100, or Is missing 
and no AC^DC adapter Is connected to instrument 100, 
the instrument 100 cannot be turned on. If the battery is 
InstaDed properly and is above minimum regulation lev- 
el, regulation is established at the base of transistor 340 
and, through diode 351, at the base of transistor 350. 
Regulation is also signalled through transistors 342 and 
346 to the ON/OFF INDicator inPut temiinal 0 of ASIC 
290. tf the battery voltage ^VBAT is greater than +VIN. 
diode 356 decouples the AC/DC adapter Input circuity, 
Including transistor 340 and Its associated regulating cir- 
cuitry from VUNREGulated so that the battery does not 
power that drcullry. 

10040] VUNREGulated is supplied to the VIN terminal 
of a -K5V regulator IC 360. VUNREGulated is also sup- 
plied to a series voltage divider including a resistor 362 
and a resistor 364. The common temftinal of resistors 
362, 364 is coupled to the INput tennlnal of a voltage 
detector IC 366. The ERROR output tennlnal of IC 366 
is coupled through a resistor to VUNREGulated and 
through a resistor to the base of a transistor 368. The 
collector of transbtor 368 Is coupled through a load re- 
sistor to VUNREGulated and Is coupled directly to the 
SHUTDOWN temiinal of •••SV regulator IC 360. If the 
supply voltage Is low, IC 366 will prevent Instalment 1 00 
from being turned on. Regulated +5V for the digital cir- 
cuitry of instalment 100 appears at the VOUT terminal 
of -I-5V regulator IC 360. The SENSE terminal of IC 360 
is coupled to +5V. Tlie ERROR terminal of IC 360 is cou- 
pled through a pull up resistor to -v^. The ERROR ter- 
minal Is also coupled to the PoWef^NTerrupt tennlnal, 
F^.2, of pC 284. TTie error terminars main Hincdon is to 
warn the ^C 284 that the system power Is approaching 
an unregulated condition. By warning pC 284 of such 
condition, piC 284 can power down the system In an oi^ 
derty fashion prior to any soft failures occurring. A ca- 
pacitor across VOUT and GrouND of IC 360 Is decou- 
pled by a resistor from a tantalum capacitor across the 
♦5 VAnaiog supply to analog ground. The voltage 
across the VOUT output terminal to ground is fed back 



through a diode and resistor in series to the base of tran- 
sistor 368. The VOUT output temiinal of IC 360 is also 
coupled to the V+ temninal of a -t-SV-to-SV converter 
369. A tantalum capacitor is coupled across the CAP-i- 
and CAP- terminals of converter 389. -5VDC for drculta 
requiring it appears across the VOUT temiinat of con- 
verter 369 to ground. The instrument 100's analog and 
digital grounds are tied together here. A +V terminal of 
an 2.5V reference voltage source 370 is coupled 
through a resistor to +5 VAnaiog. 2.5 VREF^noe Is es- 
tabflshed across the -^V terminal of source 370 and 
ground. 

IP041] Turning now to the LED driver drcuitiy 320 for 
the optical head membly 116, the start LED control 
OutPut temiinal 25 of ASIC 290 is coupled through a 
diode to the - input terminal of an operational amplifier 
374. The + input temninai of operational amplifier 374 is 
coupled to VREF. Tlie output terminal of operational am- 
plifier 374 is coupled to the base of a transi8tor376. The 
collector of translslor 376 Is coupled to the START LED 
terminal, tennlnal 268-11 , of connector 258. The emitter 
of transistor 376 is coupled to ground through a resistor, 
which limits the cun-ent through the start LED at a con- 
stant cunant, and through a feedback resistor to the - 
Input terminal of oparational amplifier 374. 
[0042] The Ria.ConTVoL terminal, Output tenninal 
24, of ASIC 290 Is coupled through a diode to the - input 
terminal of an operational amplifier 378. The + Input ter- 
minal of operational ampimer 378 is coupled to VI^F. 
The output terminal of operational amplifier 378 is cou- 
pled to the base of a transistor 380, the collector of which 
is coupled to the FILL LED terminal, terminal 268-10, of 
oonrwtor 258. The emitter of transfer 380 is coupled 
through a parallel resistor n^woric to ground, which lim- 
its the cunmt through the fill LED at a constant current, 
and through a feedbacic resistor to the - input tamtinal 
of operational amplffier 378. 
PI043] The MAIN OonTVoL temiinal, P3.3, of pC 284 
is coupled through a diode to the - input terminal of an 
operational amplifier 362. The + input tennlnal of oper- 
ational amplifier 382 is coupled to VREF. The output ter- 
minal of operational amplifier 382 is coupled to the base 
of a Dwiington-coupled transistor pair 384. The oolleo- 
tors of transistors 384 are coupled to the MAIN assay 
LED tennlnal, 256-9, of connector 258. TTie emitter of 
transistors 384 Is coupled through a resistor to ground, 
which limits the current through the main LED at a con- 
stant current, and through a resistor, to the - input ter- 
minal of operational arrpQfier 382. 
[0044] The sensed bar code of the disposable test 
strip 101 which is being used in a particular test comes 
In to circuit 320 serially on the CodeBaR temiinal, 258-6, 
of connector 268. It Is coupled dIrecUy to analog Input 
terminal X5 of multiplexer 332. The START, FILL and 
MAIN assay DETect signals indicating that an adequate 
volume sample droplet has been placed over yeOow ar- 
ea210 ona test strip 101, and Its raw coagulation results 
data, are provided from tenninal 268-3 of connector 258 
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to the input term!nBls of two operational amplifiers 386, 
386. OperationaJ amplifier 386 is configured as a unity 
gain buffer and Its output terminal is ooupled to the DC 
Input tenninai X1 of multiplexer 332. Operational ampli- 
fier 388 is also configured as a unity gain buffer and its 9 
output teiminai is capadtlveiy coupled through a capac- 
itor and two series resistors 390, 392 to a input temii- 
nal of an operational amplifier 394. The output terminal 
of operational amplifier 388 is also coupled to ground 
through an RC paraHei combination. The * tefminal of 
operational amplifier 394 Is ooupled to ground through 
a capacitor. The output terminal of operationai ampGfier 
394 is coupled through a feedback resistor to its - input 
temninal. Its - input tenninai is coupled to ground through 
a resistor. The output terminal of operational amplifier 
394 is also coupled through series resistors 396, 398 to 
ground. The common temninal of resistors 396, 398 is 
coupled through a capacitor to the common temninal of 
resistors 390, 392. 

[004^ The signal at the output temiinal of operational 
amplifier 394 is directly coupled to the XO input terminal, 
AC1 , of multiplexer 332. That signal is also ooupled to 
the * input terminal of an operational amplifier 400. The 
signal at the output terminal of operational ampfifier 400 
Is directly coupled to the X2 input terminal, AC2, of mul- 
tiplexer 332. The outputtermlnai of operational ampSfiar 
400 Is also coupled through a nasistor to the - Input ter- 
minal thereof. The - input temninal of operafionai ampli- 
fier 400 is coupled through a resistor to ground. 
[0O46] VUNREGuiated is ooupled through a series 
voltage divider Including a 324KQ, 1 % resistor 402 and 
a 124i<Q, 1% resistor 404 to ground. Tlie common ter- 
minal of resistors 402, 404 is coupled directly to the an- 
alog BATTery voltage input terminal X4 of multiplexer 
332. +5VA Is coupled to the VDD Input temninal of a 
Seiko type S8100BF temperature sensor 406. The 
VOUT terminal of sensor 406 is coupled directly to the 
anak)gVTEMP voltage lnputterminal,X6. of multiplexer 
332 and through a IMQ pull-up resistor to +5VA. 
[0047] The heat^ control circuit 322 includes two se- 
ries lOOiOl resistors 410, 412 coupled between the 
HaaTeR ON/OFF terminal of )iC 284 and ground. The 
common temiinal of resistors 410, 412 is coupled to the 
base of a type BC848C NPN transistor 414, the collector 
of which is coupled through two series 100KQ resistors 
416» 418 to -i-SVA, and the emitter of whteh is coupled 
to ground. The common temiinal of resistors 416, 418 
Is coupled to the base of a type BC858C PNP transistor 
420, the emitter of whidi Is coupled to *SS/^ and the 
collector of which Is coupled through a series 101^ 1 % 
resistor 422 end 120 pF capacitor 424 to ground. The 
common terminal of resistor 422 and capacitor 424 is 
coupled to the - Input terminal of a type LIM324A opei^ 
ationai amplifi^426. 

P048| +6VA is coupled through a series 100KQ, 1% 
resistor, a 2iCQ, ten tum potentiometer 428 and a 
3.48KQ, 1%resistortoground. The movable contact of 
potentiometer 428 is coupled to the - input termlnai of 



operational amplifier 426. The potOTtkmieter enables 
the heater plate 1 92 to achieve about 39°C. -*-5VAIs cou- 
pled through a series 100KO, 1% resistor 430 and 120 
pF capacitor 432 to ground. TTie common termlnai of 
resistor 430 and capacitor 432 Is coupled to the THer- 
mlstor 4- termlnai, 196^, of connector 196, and to tfie 
Input terminal of operational amplifier 426. The * input 
termlnai of operational amplifier 426 Is coupled through 
the series combination of a type LL4148 diode and a 
100KD resistor to ground. The Junctkin of the resistor 
and diode is coupled to the base of a type BC848C NPN 
transistor 434, the emitter of which is coupled to ground. 
The output tenninai of operational amplifier 426 is cou- 
pled through a 1IW, 1% resistor to its - Input terminal 
and through the series combinatton of a type LL4148 
diode and a 200n resistor to the collector of transistor 
434. 

[0049] The SETPoInT 2 tenninai , OutPut termlnai 20, 
of ASIC 290, is coupled through series 100KQ resistors 
436, 438 to -^SVA. The ASIC 290 provWes control of the 
heater plate 192 temperature at two different setpoints, 
3B^C and 44^C. The second setpoint is set high to per- 
mit the heater plate 192 to attain 44*C temperature, 
thereby permitting more rapid warmirrg of samples to 
39'*C. The common terminal of resistors 436, 438 Is cou- 
pled to the base of a type BC658C PNP transistor 440, 
the emitter of whtoh is coupled to -i^SVA and the collector 
of whteh Is coupled through a 348KQ, 1% resistor to the 
- input termlnai of operational amplifier 426. A series re- 
sistive voitage divide including a 249iCa, 1% resistor 
442 and a 1 1^, 1% resistor 444 is coupled between the 
output tenninai of operational amplifier 426 and ground. 
The common terminal of resistors 442, 444 is ooupled 
to an analog input terminal X3 of muitlpiaxer 332. IHeater 
control circuit 322 operating status is thus multiplexed 
into |iC 284. Addlltonally, heater control status, as re- 
flected by the voltage at the collector of transistor 434, 
controls the flow of current through the heater foil 182. 
This is accomplished through a Samsung type 
MJD3055 NPN transistor 446, the base of which is cou- 
pled to the collector of transistor 434 and the collector 
of whkii Is coupled to the - HEATER temwial. 196-2, of 
connector 196. The + HEATER terminal, 196-1, of con- 
nector 198 Is coupled to + VUNREGuiated. TTie emitter 
of transistor 446 Is coupled through a parallel resistance 
network having an effective resistance of about I.SQto 
ground. The base of transistor 446 is also coupled 
through two series type LL4148dkx<es to ground, which 
limits the current through the heater foil to approximately 
0.4A. The - THermistor tenninai, 19&4, of connector 
196 Is coupled to ground. 

[OOSfl] Tbmiinal PI .6 of pC 284 Is ooupled through a 
diode to the - input terminal of an operafionai amplifier 
450 In the sample port drcult 326. The * Input terminal 
of operational amplifier 450 is coupled to VREF. The out- 
put terminal of operatbnal amplifier 450 Is ooupled to 
the base of a transistor 452, the emitter of which is cou- 
pled through a feedback resistor to the - input terminal 
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of operBiional amplifier 450 end to ground through re- 
cdstance, which iimits the current through the sample 
port LE D at a constant current. The collector of transistor 
452 Is coupled to terminal 168-1 of the sample port con- 
nector 168. -^SVA Is coupled to terminal 1 66-2, the VDD 
terminal, of connector 166. VUNREGuiated is coupled 
to torminai 168-5 of connector 166. TTie SAMPIe IN ter- 
minal, 168-4, of connector 168 Is coupled to ground 
through a resistor and through a capacitor to the - Input 
terminal of an operational amplifier 456. The Input ter- 
minal of operational amplifier 456 Is coupled to ground. 
The output temiinal of operational amplifier 456 is cou- 
pled through a parallel RC feedback circuit to Its - Input 
terminal. Tlie output tennlnal of operational amplfller 
456 is coupled through a capacitor to the ^ input temiinal 
of an operational amplifier 458. The input terminal of 
operational amplifier 458 Is coupled to ground through 
a resistor. 

[0051] The - input terminal of operational amplifier 
456 Is coupled to ground through a resistor. The output 
terminal of operational amplifier 458 b coupled to the 
cathode of a diode, the anode of which is coupled 
through a resistor to the - Input terminal of operational 
amplifier 458. The output terminal of operational ampli- 
fier 458 is also coupled to the anode of a diode 460, the 
cathode of which is coupled through a resistor 462 to 
the-inputtenninal of operaHonal amplifier 458. This pro- 
vides a hysteresis-type configuration which has different 
gains depending upon whetherthe voltage at the + input 
terminal of operational ampGfier 458 Is greater than or 
less tlian the voltage at the - Input terminal thereof. Ttie 
common temiinal of diode 460 and resistor 462 is cou- 
pled through the series oomt}lnatlon of a resistor 464 
and a capacitor 466 to ground. The common terminal of 
resistor 464 and capacitor 466 is coupled to the SAMPIe 
DETed Input t^mlnal, X7, of multiplexer 332. 
piOSZ] Terminal P1.7 of |iC284lsooupiedthrough1wo 
series resistors In the magnet control circuit 328 to 
ground. The common terminal of these resistors is cou- 
pled to the base of a 1ransi8tor470, the emitter of which 
is coupled to ground. The collector of transistor 470 Is 
coupled through series resistors to *S^Al The common 
terminal of these resistors is coupled to the base of a 
transistor 471 , the emitter 61 which is coupled to +5VA 
and the collector of which is coupled to the - Input ter- 
rhlnal of an operational amplifier 472. Tlie series com- 
blnatton of a resistor 474 and a resistor 476 is coupled 
betwsen VREF and ground. A capacitor is coupled 
across resistor 476. The common terminal of redstors 
474 and 476 is coupled to the -t- Input terminal of oper- 
ational amplifier 472. 

[0053] The output temiinal of operational amplifier 
472 is coupled to the base of a magnet coil 144-drlver 
transistor 478. The emitt^ of transistor 478 is coupled 
through a rssistor to ground, which ilmlte the current 
through the magnet coil at a constent current, and 
through a feedbadc re^stor to the - input terminal of op- 
erattonai ampfifier 472. A capacitor Is coupled between 



the - input terminal of operational amplifier 472 and 
ground. The ooliectorof transtetor 478 Is coupled to ter- 
minal 156-3 of connector 166. Temrtirral 156-1 of con- 
nector 156 Is coupted to VUNREGuiated. Coll 144 Is 
coupled across connectors 156-1 and 156^. The sertes 
combination of a resistor and a capacitor is also coupled 
across connectors 156-1 and 156-3. A ftyl>aci( diode is 
also coupled across terminals 166-1 and 156-3. 
[0054 The bar code LED driver circuit 330 which Is 

10 associated wHh photodiode 224 includes eight barcode- 
illuminating LEDs 484-1^484-8. The anode of I^D 
484-1 Is coupled to -i-SV and its cathode Is coupled to 
the Anode terminal of optical switch 486. Optical switch 
486 provides the source and detector for flag 264 to in- 

15 dicate when the strip adapter top and bottom assem- 
bDes 130, 132 are closed together. The collector termi- 
nal, C, of optical switch 486 Is coupled to InPut temiinal 
3 of ASIC 290, and through a load resistor to +5V. The 
cathode terminal, K, of optical switoh 486 is coupled 

20 through a load resistor to the collector of a transistor 
490-1 , the emitter of wfilch is coupled to ground and the 
base of which is coupled through a resistor to OutPut 
terminal 17 of ASIC 290. TTie anodes of the remaining 
LEDs 484-2-484^ are coupted through a common load 

25 resistance to -»-5V. The cathodes of LEDs 484-2-484-8 
are coupled to the collectors of transistors 490-2-490-8, 
respectively. The emitters of transistor 490-2-490-8 are 
coupled to ground. TTie bases of transistor 490-2-490-8 
are coupled through resped^e resistors to OutPut ter- 

so minals 16-10, respeciiveiy, of ASIC 290. 

[OOSq LEDs 484-1-484-6 are mounted on PC8 114 
and emit light through respective silt openings 204-1- 
204-8. respedhreiy. LSD's 464-1 -484-8 are sequential- 
iy energized through transistors 490-1-490-8, respeo- 

35 tively. The presence or at>sence of a bar code in rsgion 
492 of a particular test strip 101 placed In Instmment 
1 00 is sensed by transmission of light from a respective 
LED 484-1-464-8 by conduction of photodiode 224. 
This Identifies certain test strip 101 iot-epedfic parem- 

49 eters for Instiument 100. 

Industrial AppiicabBity 

[0056] In operation, a sample 514 Is deposited in the 
4S test strip 101 sample well 494 over location 210. Ftedi- 
atlon from LED 164, which Is strobed at .25 sec. inter- 
vals, detected by photodiode 1 66 establishes the dosing 
of strip 101. SIART LED 238 is strobed at 50 msec, in- 
t^vals until the arrival of the sample 614 at the region 
eo of atrip 101 over START LED 238 Is established by the 
redlation from START LED 236 detected by photodiode 
242. The flow time of the sample 514 between the sam- 
ple application point at well 494 and the detection of the 
arrival of the sample 514 over the START LED 238 es^ 
so tabDshes the sample 614 as btood or a control. The con- 
trol solutions, being less viscous, flow between these 
two locations more rapidly, and this is detected by the 
instrument 100. Hie minimum flow time that the instru- 
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meni 100 will interpret as blood and/or the maximum 
flow time that the instrument 100 wfli Interpret as control 
can be varied from strfp iot to strip lot by changing (a) 
paFBmeter(s) In the user-insertable EEPROM key 119. 
TTiis relieves the user IVom the need to Indicate to the « 
irwtrument 100 or otherwise record when a quality oon- 
troi chedc is being oonduded. 
[0057] After photodiode 242 has detected the arrival 
of the sample 514 over the START LED 236, the START 
LED 238 is deeneigized and the FILL LED 240 is ener- 
gized. The next decrease In radiation detected by pho- 
todiode 242 Indicates the anivai of the sample 514 over 
the FILL region of the strip 101. The elapsed lime be- 
tween detection by photodiode 242 of arrival of the sam- 
ple 514 over START LED 238 and detection by photo- 
diode 242 of arrival of the sample 514 over FiU. 1-ED 
240 Is used by the instrument 100 to det^mlne whether 
the volume of the sample 514 which was applied is ad- 
equate to conduct a coagulation test if the instrument 
100 detemiines that the applied sample 514 volume was 
inadequate to conduct a test the instnjment 100 pro- 
vides an error message and retums to its ready state. If 
the Instrument 100 determines that ttie applied sample 
51 4 volume was suflRcient to conduct a coagulation time 
test reliably, FILL LED 240 is deenergl^ and MAIN as- 
say LED 244 is energized. Electromagnet 140 is also 
energized and monitoring by phdodlode 242 of MAIN 
assay LED 244 radiation begins. Magnet assembly 140, 
when driven by magnet cunent control drcuit 328, stirs 
ferromagnetic particles from the test strip 101 bome by 
the sample 514, be it blood or control. The particles re- 
orient themselves along the combined lines of force of 
rr«gnel asseml>ly 140 and Ijias magnet 154 and provide 
a modulated light transmission profile of the sample. 
TTiis transmission profile, Illustrated in Fig. 1 6 at 500, is 
detected by photodiode 242 and is multiplexed (DETect- 
-AC1 -DC) via multiplexer 332 and A/D 324 Into pC 284. 
Coagulation of the sample causes the reduction in the 
modulation In this transmission proffie as described in 
U.S. Patents 4,849,340 and 5,110,727. Waveform 600 
Is rectified and the envelope 602 of the leclified wave- 
form 500 is formed. 

[0058] To reduce the Skeiihood of double dosing the 
strip 101 , the ratio of START to RLL time-to^ample ap- 
piicalion to START time is formed. This ratio is com- 
pared to a parameter provided fh)m key 119. The ratto 
must be less than the parameter. Othenirise the Instru- 
ment 100 will conclude that the strip 101 has been dou- 
ble dosed and will generate an enor message. Double 
dosing is to be avoided because It can reRuldize the fer- 
romagnetic particles, producing an erroneous coagula- 
tion time reading. 

[0059] Rgs. 17a-b are much-enlarged l^mentary 
longitudinal sectional views of a strip 101 talcen along 
section lines 17-17 of Rg. 4. Generally, in the absence 
of Gquld bbod, a t>lood traction or control (Fig. 17a}, the 
indices of refraction of the strip bottom 508 and top 508 
and the alr^iiled sample volume 610 between them are 



such that the level of light from LED 164 returning to 
photodiode 166 is reiattveiy higher. This is Hiustrated at 
region 512 of Rg. 18. A liquid sample 514, be It blood, 
a btoodlMion or a control, is deposited Into the sample 
weii494of strip 101 and migrates into region510of strip 
101 over region 211 of Instrument 100. Owing generally 
to the matching of the strip bottom 506*s, top 508's and 
liqukJ 514*8 Indk:e8 of refraction and absorptton In the 
case of dear liquids, and generally to absorption and 
scattering efleds In the case of whole blood, a relatively 
lower light level Is detected by photodkxie 166 as illus- 
trated at region 522 in Fig. 18 when a ik]Uid is present 
on atrip 101 adjacent region 211. TTtIs opHcai detectton 
scheme pemrtfts a dear control to be used. 
PIOOQ] Rg. 19 illustrates two waveforms useful in un- 
derstanding the start noise immunization techraque em- 
ployed in an instrument according to the present imm- 
tion. It has been experimentaDy detennlned that, unless 
provisions are made in instrument 100 to prevent it, in- 
strument 100 can be falsely triggered by negath^golng 
noise spikes 526 that are generated during application 
of a sample to a test strip 101. Such spikes 526 are 
caused when the user accidentally taps or moves the 
strip 101 from side to skle or in and out of the optk» 
assembly 116 during sample application. Such nega- 
tive-going spikes 526 can be greater than the instmment 
1 0O's -60mV starting threshold, but are typKaiiy shorter 
in duratton than the negative-going start signal 528 and 
are preceded or folkiwed Immediately by positive-going 
spikes 530. This is in contrast to the actual Dquid sample 
signal 528 whtoh Is only negative-going. TTils difference 
is used to discriminate effectively between signal 528 
and noise 526, 530. The Instrument 100^ SIART algo- 
rithm discriminates t)etween short (noise) 526, 530 end 
tong (start signal) 528 duration signals using negative 
trend, rate of signal change and negative threshokJ cri- 
teria. The flow of the STAI^ a^orithm Indudes the fol- 
kiwing illustrative characteristics: three consecutive da- 
ta poirrts sampled 60msec apart must be negative rela- 
tive to a reference and have rates of signal change more 
negative than - 7.3mV/50msec (-30 counts of the A/D 
converted input signal at .243mV/count) with an abso- 
lute signal change more negative than the -60mV (-246 
counts) instmment 100 start threshokJ. The parameters 
stored in the EEPROIM 119 then would Indude a signal 
delta of -30 oounts and a start threshokl of -246 counts. 



Clalma 

1. A system comprising an instrument (100) for deter- 
mining a ooaguiaHon charaderistic of blood, or a 
blood fractton or a contrd, the instrument (100) 
comprising means (494) for receiving a sample of 
blood, a bbod fredlon or control the ooagidation 
characteristics wMch Is to be determined, in such a 
way that the coagulatksn characteristic is exhibited 
by the sample, means (242) fbr monitorfng the sam- 
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pie as the ooegulation cherBCterlstic Is exhibited, 
means (284) for converting a result for the monitor- 
ing of the sample into the characteristic (for exam- 
ple, dotting time), a heater (182) for heating the 
sample and for maintaining the temperature of the ^ 
sample at about a first temperature and a control 
(322) for controlling the heater (182), the heater 
(182) comprfsing a heater element (182), means 
(192) for supporting the heater element (182) in 
heat conduction relationship to the sample when io 
the Instrument ( 1 00) Is in use, means ( 1 88) for mon- 
itoring a temperature of the support means (192), 
means (182, 190) for mounting the means (168) fbr 
monitoring the temperature of the support means 
(192) adjacentthe support means (192), the heater is 
control (322) compr^ing a liist temperature setpoint 
control (428) fbr controlling the heater (182) to 
maintain the temperature of the sample at about the 
first temperature and a second temperature set- 
point control (SETPoinT2 temilnal) fbr overriding 20 
the first temperature setpoint control (426) to heat 
the sample toward a second temperature means fbr 
coupling the monitoring means (188) to the heater 
control (322), and means (TH*, TH-) for coupling 
the heater element (182) to the heater oontrol (322). 2ff 

2. The system of daim 1 wherein the instalment (100) 
comprises a controller (264) and the second tem- 
perature setpoint control (SETPoInT 2 temilnal) 
comprises an output terminal (SETPoInT 2 terml- 30 
nal) of the controller (284) for providing a slgr»] that 
the support means (192) is to be heated from am- 
bient temperelure fbr determining the coagulation 
characteristic of the sample. 

39 

3. The system of daim 2 wherein the heat^ control 
(322), the monitoring means (188) and the means 
for coupling the monitoring means (188) to the heat- 
er control (322) together compri^ a dtfTerential arrv 
plifier (426) and a bridge drcult having first (420, 40 
422), second (428, resistor to ground), third (430) 
and fourth (TH-f, TH-, 188) bridge legs, the differ- 
ential amplifier (426) induding an inverting input ter- 
minal and a non-Inverting input terminal, means for 
coupling the inverting Input tennlnai (-) and the first 46 
(420, 422) and second (428, reslstorto ground) legs 

of the bridge together, and means for ooupGng the 
non-inverting input terminal {*) and the third (430) 
and fourth {TH+,TH-, 166) legs of the bridge togeth- 
er, the second leg (426, resistor to ground) of the so 
k>ridge Induding the first temperature setpoint con- 
trol (428) and the fourth leg (TH+, TH-, 188) of the 
bridge induding the means (186) for monitoring the 
temperature of the support means (192). 

5S 

4. The system of daim 3 wherein the means (186) for 
monitoring the temperature of the support means 
(192) comprises a temperature sensitive element 



(186). 

5. The system of daim 3 wherein the first tempera- 
tures setpoint control (426) comprises a potentiom- 
eter (426) fbr setting the temperature at which the 
support means (192) is to be maintained during the 

reaction. 

6. The systm of claim 1 wherein the heater element 
(182) and the means fbr supporting the heater ele- 
ment (182) together comprise an electrically resis- 
tive film pattern (162) supported on a ceramic tile 
(192), the tDe (192) having a first suriiace on which 
the eledricaiiy resistive film pettem (182) is provid- 
ed. 

7. The system of claim 6 wherein the ceramic tile (192) 
comprises an aluminum nitride tile (192). 

8. The system of daim 6 wherein the cerarhic tile (192) 
comprises a second surface (1 94) opposite the first 
surface, the coagulation charaderistic of the sam- 
ple being determined by placing the sample Into a 
cuvette (494) having a third surtiaoe (506) for bring- 
ing into heat conducting relationship with the sec- 
ond surfoce (194) of the ceramic tDe (192) prior to 
determination of the characteristic. 

9. The system of daim 8 wherein the means (186) fbr 
monitoring the temperature of the support means 
(192) comprises a thermistor (188). 

10. The system ofdaimTwhereIn the ceramic tile (192) 
comprises a second surfoce (1 94) opposite the first 
surface, the coagulation charaderistic of the sam- 
ple being determined by placing the sample into a 
cuvette (494) having a third surface (506) for bring- 
ing into heat conducting relatfonship with the sec- 
ond surface (194) (rf the ceramic tfle (192) prior to 
detomlnation of the characteristic. 

11. The system of daim 10 wherein the means (188) 
for monitoring the temperature of the support 
means (192) comprises a thermlalDr (168). 

12. The system off claim 6 wherein 1helnstnjment( 100) 
comprises a contrdter (284) and the second tem- 
perature setpoint contrd (SETPoInT 2 temUnal) 
comprises an output terminal (SETPoInT 2 termi- 
nal) of the contrdier (284) fbr providing a signal that 
the support means (192) is to be heated from am- 
bient temperature for determining the coagulation 
characteristic of the sample. 

13. The system of claim 12 wherein the heater control 
(322). the monitoring means (188) and the means 
(TH-I-, TH-) for coupling the monitoring means (188) 
to the heater contrd (322) together comprise a dlf- 
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ferential amplifier (426) and a bridge circuit having 
first (420, 422), second (428, resistor to ground), 
third (430) and fourth (TH+, TH-, 188) bridge legs, 
the difii&rentlai amplilier (426) including an Inverting 
Input termlnai (-) and a non-Inverting input termlnai 
{*), means for coupling the inverting input terminal 
(-) and the first (420. 422) and second (428, resistor 
to ground) legs of the bridge together, and means 
for coupling the non-inverting input tenninai (+) and 
the third (430) and fburtti (TH-i-, TH-, 188) legs of 
the bridge together, the second leg (428, resistor to 
ground) of the bridge inciuding the first temperature 
setpoint control (428) and the fourth ieg (TH+, TH-, 
166) of the bridge Inciuding the means (186) for 
monitoring the temperature of the support means 
(182). 

14. The system of dalm 13 wherein the means (168) 
for monitoring the temperature of the support 
means (182) comprises a temperature sensitive el- 
ement (188). 

15. The system of ciaim 13 wherein the first tempera- 
ture setpoint control (428) comprises a potentiom- 
eter (428) for setting the temperature at which the 
support means (192) Is to be maintained during the 
reaction. 

15. The system of daim 8 wherein the instrument (1 00) 
comprises a controller (284) and the second tem- 
perature setpoint control (SETPoinT 2 tenninai) 
comprises an output tenninai of the controller (264) 
for providing a signal that the support means (182) 
is to be heated from ambient temperature for deter- 
mining the coagulation ctiaracteristic of the sample. 

17. The system of claim 16 wherein the heater control 
(322), the monitoring means (188) and the means 
(TH+, TH-) for coupling the monitoring means (1 W) 
to the heater control (322) togeth^ comprise a dif- 
ferential ampGfler (426) and a bridge circuit having 
first (420, 422), second (428, resistor to ground), 
third (430) and fourth (TH+, TH-, 168) bridge legs, 
the differentlal amplitier (426) including an Inverting 
Input tenninai (-) and a non-inverting Input terminal 
(-I-), means for coupling the Inverting Input terminal 
(-) and the first (420,422) and second (428, resistor 
to ground) legs of the bridge together, and means 
for coupling the non-lnverif ng Input tenninai (+) and 
the third (430) and fourth (TH^, TH-, 188) legs of 
the bridge together, the second ieg (428, resistor to 
ground) of the bridge Including the first temperature 
setpoint control (428) and the fourth leg (TH^, TH-, 
166) of the bridge Including the means (188) for 
monitoring the temperature of the support means 
(182). 

15. The system of daim 17 wherein the means (168) 



for monitoring the temperature of the support 
means (182) comprises a temperature sensitive el- 
ement (168). 

5 18. The system of daim 17 wtierein the flist tempera- 
ture setpoint control (428) comprises a potentiom- 
eter (428) Ibr setting the temperatures at wtiich the 
support means (192) is to be maintained during the 
reaction. 

to 

PatBntanaprflche 

1. System, umfassend ein Instrument (100) zur Be- 
te stimmung der Koagulationscharaicteristilc von Biut 

Oder einer Blutfraktlon oder einer Kontrolie, wobel 
das instrument (100) eine EInrichtung (494) zur 
Aufnahme einer Blutprobe, einer Biutf^iitlon oder 
einer KontroOe umfai&t, deren Koaguiattonscharak- 

20 teristika in einer Weise zu bestimmen sind, daft die 
Probe die Koaguladcnscharakteristik zeigt, eine 
EInrichtung (242) zur Obenwachung der Probe wfih- 
rend sich die Koaguiattonscharakteristilc zeigt, eine 
EInrichtung (284) zum Umrechnen eines Obenwa- 

2ff chungsergebnisses In die Charalderistilc (zum Bel- 
spiel Gerinnungszeit), eine IHelzvon-lchtung (162) 
zum Eriiitzen der Probe und zum Halten der Tem- 
peratur der Probe bei etwa einer ersten liamperatur 
und eine Steuerung (322) zum Steuem der Heiz- 

30 vorrichtung (182), wobel die Hetzvorrfchtung (162) 
ein Heizelement (182) umfa&t, eine EInrichtung 
(192), urn das Helzelement(182) in wanneleitender 
Varbindung zur Probe zu halten wenn das instru- 
ment (100) benutzt wird, eine Einrichtung (188) zur 

35 Uberwachung der Temperatur der Tragereinrich- 
tung (192), eine Einrichtung (162, 190) zum Befe- 
stlgen der EInrichtung (188) zur Oberwachung der 
Temperatur der Trggeretnrichtung (182), die sich <S- 
rekt neben der Tragerelnrichtung (192) befindet, 

40 wobet die i-lelzungssteuerung (322) eine Sollwert- 
steuemng (428) fur eine erste Temperatur zur 
Steuerung der Heizvorrichtung (182) umfafit, urn 
die Temperatur der Probe bei etwa der ersten Ibm- 
peratur zu halten, und eine Soiiwertsteuemng 
(SETi^inT2-Anschiuli) fQr eine zwelte Temperatur 
zum Auf&ericnaftsetzen derSoflwertsteuerung (428) 
fOr die erste Temperatur, um die Probe auf eine 
zweite Temperatur zu eriiitzen, eine Einrichtung 
zum AnschlieQen der Oberwachungs^nrichtung 

50 (186) an die Heizungssteuemng (322), sowie eine 
Einrichtung (TH+, TH-) zum AnschlieOen des Hel- 
zelements (182) an die Heizungssteuerung (322). 

2. System nach Anspruch 1, wobel das Instmment 
59 (100) einen Contn^ller (284) umfaOt und die Soil- 

wertsteuerung (SETPolnT2-AnschiulS) fQr die zwei- 
te Temperatur einen Ausgangsanschluli 
(SETPoinT2-An8chlu&) des C^ontioOerB (284) um- 
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fal&t, um ein Signal zu liefem, del& die Trggereinrich- 
tung (192) von Umgebungstemperatur aufgehelzt 
warden soil, um die Koagulattonscharakteriatikder 
Probe zu bestlmmen. 

3. System nech Anspmch 2, woM die Heizungs- 
steuenjng (322), die Obenwachungseinrichitung 
(186) und die Elnrichtung zum Anschllenien der 
Ubenvacliungseiniichtung (188) an die Heizungs^ 
eteuenjng (322) zusammen einen Dlfierenzver8t§r- 
Icer (426) und eine BrOckenschaltung mit ersten 
(420. 422), zvkfeiten (428. Widerstand auf Erde), 
drftten (430) und vterten (TH+, TH-, 168) BrOcken- 
zwelgen uml^ssen, wobel der Dttferenzveratdrker 
(426) einen invertierenden EingangsanschiuK und 
einen nichtinvertierenden EingangsanschiutS um- 
faOtp eine Einrichtung, um den invertierenden Eln- 
gangeanscliluft (-) und den ersten (420. 422) und 
den zweiten (426, Wlderstand auf Erde) Brudcen- 
zweig zusammenzuschalten, und eine Einrichtung, 
um den nichitinvertierenden Eingangeanschiufi (-••) 
und den drltten (430) und vierten (TH-h, TH-, 168) 
BrOdcenzweig zusammenzuschaiten, wobei der 
zweife BrOclcenzw^g (426. Widersland auf Erde) 
die Sdiwertsteuerung (428) fOr die erste Tempera- 
tur umfaftt. und der vlerte BrQclcenzwelg (TH+, TH-, 
186) die Einrldttung (168) zur Uberwadiung der 
Temperaturder'n^gereinrlcritung (192) umfial^t 

4. System nach Anspmch 3, wobei die Einrichtung 
(186) zur Ubenvachung der Temperalur der TrSge- 
reinrichtung (192) ein temperaturempfindliches 
Element (168) umfaOt. 

5. System nach Anspmch 3. wobei die Soliwertsteue- 
rung (428) fur die erste Temperaturein Potentiome* 
ter(426)zur Einsteilung derTemperaturumliaQt, be! 
der die "Mgerelnrlchtung (182) wfihrend der IReaic- 
tion zu halten isL 

9. System nach Anspruch 1, wobel das Heizelement 
(182) und die Einrichtung zum Haiten des Heizel&- 
ments (182) zusammen eine Fiimstruldur (182) mit 
elelctrlschem Widerstand umfassen. die von einer 
Keramli<platte (192) getragen wird. viobei (fie Piatte 
(192) dne erste Oberftdche aulWelst, auf der die 
RImstruictur (182) mit eleldrischem Widerstand be- 
r^lgesteittist. 

7. System nach Anspmch 6, wobel die Keramiicplatte 
(192) eine Aluminiumnitrld-Piatte (192) umtaOt. 

8. System nach Anspmch 6, wobel die Keramllqilatte 
(192) eine zweite Oberfidche (194) gegenOberlie- 
gend der ersten Oberfldche umfalit, wobei die Ko- 
aguiationscharalderistilc der Probe bestimmt wird 
dunch Einbringen der Probe In eine KQvette (494) 
mit einer drftten OberUdche (506), um eine wdrme- 



leltende Vert>indung mit der zweiten Oberflache 
(194) der Keramilcplatte (192) vor der Bestlmmung 
der ChareMerislik herzusteilen. 

9 9. System nach Anspruch 8. wobei die Einrichtung 
(186) zur Oberwachung der Temperatur der Trage- 
relnrichtung (192) ^nen Thermistor (168) umfaGt. 

10. System nach Anspmch 7, wobei die Keramikplatte 
(192) eine zweite Oberfldche (194) gegenOberiie- 
gend der ersten Obeiflfiche umfalit. wobei die Ko- 
agulationscharaidenstik der Probe bestimmt wird 
durch Einbringen der Probe In eine KQvette (494) 
mit einer dritten Oberfldche (506). um eine wdrme- 

16 ieitende Veit)lndung mit der zweiten Oberflache 
(194) der Keramikplatte (192) vor der Beslimmung 
der Charakteristik herzusteilen. 

11. System nach Anspruch 10, wobei die Einrichtung 
20 (166) zur Oberwachung der Ibmperatur der Trgge- 

reinrichtung (192) einen Thermistor (168) umlalU. 

12. System nach Anspruch 6. wobei dro Instrument 
(100) einen Controller (284) umfaGt und die SoO- 

2ff weitsteuemng (SETPoinT2-An6chluQ) fQr die zwei- 
te TempoBtur einen Ausgangsanschlud 
(SErPoinT2-Anachlu(i) des Controllers (284) um- 
faOt, um ein Signal zu ilefem, daQ die TYigereinrich- 
tung (192) von Umgebungstemperatur au^eheizt 

so warden aoil, um die KbagulattonacharakterisUk der 
Probe zu bestimmen. 

13. System nach Anspruch 12, wobei die Heizungs- 
steuerung (322), die ObenwachungseinriGhtung 

35 (186) und die Einrichtung (TH+, TH-) zum Anschlle- 
ten der Oberwachungseinrichtung (188) an die 
Heizungssteuerung (322) zusammen einen Diffe- 
renzverstSricer (426) und eine BrOckenschaltung 
mit ersten (420. 422), zweiten (426. Widerstand auf 

40 Erde), dritten (430) und vierten (TH+. TH-, 188) 
BrOckenzwelgen umfassen. wobel der Diflerenz- 
verstarker (426) einen invertierenden Eingangsan- 
schluQ (-) und einen rachtinvertierenden Eingangs- 
anschlufi (+) umfaBt. eine Einrichtung, um den In- 

45 v^lerenden Eingangsanschiuft (-) und den ersten 
(420. 422) und den zweiten (426, Widerstand auf 
Erde) BrOckenzweig zueammenzuschaiten, und ei- 
ne Einrichtung, um den nichtlnvertierenden Eln- 
gang^schtufi (+) und den dritten (430) und vler- 

50 ten (TH*, TH-, 166) BrOckenzweig zieammenzu- 
schaiten, wobel der zweite Bruckenzweig (428. Wi- 
derstand auf Erde) die Sollwertsteueivng (428) fOr 
die erste "Rmiperatur umfa&t, und der vlerte BrOk- 
kenzwelg (TH+. TH-, 168) die Bnrlchtung (168) zur 

85 Oberwachung der Temperatur der Trigereinrich- 
tung (192) umfoOt. 

14. System nach Anspmch 13, wobel die Einrichtung 
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(188) zur Obeiwachung der Temparatur der Trige- 
reinrichtung (192) ein temperetuiempflndllcheB 
Element (188) umUU. 

Ifti System nach Anspruch 13, ^M)bel die SoOwert- 
sleuemng (428) fQr die ersto Temperatur ein Poten- 
tiometer (428) zur Einsteliung der Temperatur um- 
fa&tp be! der die Trggereinrichtung (192) wahrend 
der Realdlon zu halten iat 

18. System nach Anspruch 8, wobel daa instrument 
(100) einen Controller (284) umfafU und die Soil- 
wertsteuerung (SETPoinT2-Anschlul&) fQr die zwek 
te l^peratur einen Ausgangsanschlufi des Con- 
troilerB (284) umfal&t, urn ein Signal zu liefBm, daS 
dieTragereinrichtung (192) von Umgebungstempe- 
ratur au^ehelzt werden soli, um die Koagulationsp 
dwakteristik der Probe zu besUmmen. 

17. System nach Anspruch 16, wobei die Helzungs- 
steuerung (322), die Oberwachungseinrichtung 
(186) und die EInrlchtung (TH+, TH-) zum Anschlle- 
Qen der Obenvachungseinrichtung (168) an die 
IHeizivigsateuerung (322) zusammen einen Diffe- 
renzverstdrlcer (426) und eine BrOdcenschaltung 
mit ersten (420, 422), zwetten (426, Widerstand auf 
Erde), drittsn (430) und vierten (rH+, TH-, 168) 
BrOdcenzweigen umfasaen, wobel der Dlfterenz- 
verst&rker (426) einen invertlerenden Eingangsan- 
schluli (') und einen nichtinvertierenden Eingangs- 
anschlufi (+) um^l&t, eIne Einrichtung, um den In- 
vertlerenden Eingangsanschluli (-) und den ensten 
(420, 422) und den zweiten (428, Widerstand auf 
Erde) Bruckenzweig zusammenzuschaiten, und ei- 
ne Einrichtung, um den nichtinvertierenden Ein- 
gang8an8chlu& (+) und den dritten (430) und vier- 
ten (TH+, TH-, 186) BrQdcenzweIg zusammenzu- 
schaiten, wobei der zweite BrOckenzweIg (428. Wi- 
derstand auf Erde) die Soitwertsleuerung (428) fur 
die erste Temperatur umfiafit, und der vlerte BrfUc- 
kenzweig (TH+, TH-. 166) die Einrichtung (168) zur 
Oberwachung der Temperatur der Tragereinrich- 
tung (192) umfaftt 

18. System nach Anspnich 17, wobel die Bnrlchlung 
(186) zur Oberwachung der Temperatur der TrSge- 
reinrichtung (192) ein tempeisfturempfindiiches 
Element (188) umfaQt. 

19. System nach Anspmch 17, wobei die Sollwert- 
steuenjng fQr die erste Temperatur (428) ein Poten- 
ttomater (428) zur Bnsteilung der Temperaturen 
umlWt, bei denen dieTrigereinrlchtung (192) wdh- 
rend der Reaktlon zu fialten tst. 



Rflvendicaliora 

1 . Syst6me oomprenant un instrument (100) pour de- 
terminer une caractdrlstique de coagulatton du 

9 sang ou d'une traction sanguine ou encore d*un t6- 
moln, rinstnjunent (100) comprenant un moyen 
(494) pour recevoir un dchantlllon de sang, fTum 
fraction sanguine ou d'un t6moln dont 11 y a lieu de 
d^ermlner les caractdristkiues de coagulatkNi, de 

10 tele sorts que iacaraddrtotkiuede coagulation est 
manlfiBstto par I'dchantiilon, un moyen (242) pour 
surveiiier rdchantilton lorsque la caractdristlque de 
coagulaflon se manif^te, un moyen (284) pour 
transformer un rteuttat de la surveillance de 

15 rdChantillon en cara c t6 rf 8tk;ue (par example en 
temps de coagulation), un dispositif de chauffege 
(182) pour chauffer i'fohantillon et pour malntenir 
la temperature de rdchanlillon k environ une pre- 
miere temperature, ainsi qu'une commande (322) 

20 pouroommanderledisposltifdeGhauffBge(182}, le 
dispositif de chauffage (162) comprenant un 616- 
ment de chauftoge (162), un moyen (192) poursup- 
porter r^ldment de chauffiage (162) en relation de 
oonduction de chaieur avec rMiantillon loisqu'on 

2S utaise Hnstrument (100), un moyen (188) pour sur- 
veiiier ia temperature du moyen de support (192) 
en position adjacente au moyen de support (192), 
la commande (322) du dispositif de chauffage com- 
prenant une commande de premiere valeur de con- 

90 eigne de temp6rature (428) pourcommander le dls^ 
posltif de chauflTage (182) afin de malntenir la tem- 
perature de r6chantlilon d environ la premiere tem- 
perature et une commande dedeuxieme valeur de 
oonslgne de temperature (terminal SETPoInT 2) 

ss pour outrepasser la commande de la premiere va- 
leur de consigne de temperature (428) afin de 
chaufier I'echantnion 6 une deuxieme temperature, 
un moyen pour coupler le moyen de surveiDance 
(188) e la commande (322) du dispositif de chauf- 

40 fage et un moyen (TH-t-, TH-) pour coupler reiement 
de chauffage (162) k ia commande (322) du dispo- 
sitif de chauffage. 

2. Systeme seion ia revend!catk)n 1 , dans iequel Uns^ 
4S tmment (100) comprend un dispositif de commande 

(284) et la commande de la deuxidme valeur de 
oonsigne de temperature (terminal SETPoInT 2) 
comprend un temnlnal de sortk» (terminal SETPoInT 
2) du dispositif de commande (284) pour generer 
w un signal indlquant que le moyen de support (192) 
doH §tre chauffe d partir de la temperature ambiante 
pour determiner la caracteristique de coagulation 
de i'echantilion. 

3. Systeme seion ia revendk»1ion 2, dans iequel la 
commande (322) du dispositif de chauffage, le 
moyen de sunmiilanoe (186) et le moyen pour cou- 
pler le moyen de sun/elDance (188) k la commande 
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28 



(322) du dispositif de chaulfage oomprennent en- 
semble un ampllficateur diff^rentiel (426) et un 
montege en pent comportant dee premi^ (420, 
422), deuxldme (426, rfeistance de mise d la terre), 
troisi^ (430) ^ quatrifeme (TH+, TH-, 186) bran- 
cheadu pont, rampiificateurdiffdrentiel (426) englo- 
bant un terminal d*entree Inversant et un temiinal 
d*entr6e non inversant, un moyen pour coupler de 
manidre rMproque le tsiminal d'entnfte inversant 
(-) et lea preml6re (420, 422) et deuxidme (428, rd- 
slatanoe de mise d la terre) t>ranches du pont et un 
moyen pour coupler de manidre rddproque le ter- 
minal d'entr§e non Inversant (+) et les tro^^me 
(430) et quatn^e (TH+, TH-, 168) branches du 
pont , la deuxidme branche (428, rdsistanoe de mi- 
se a la terre) du pont englobant la oommande de la 
premiers valeur de consigne de temp^ature (428) 
et la quatrldme branche (TKH-, TH-, 188) du pont 
englobant le moyen (188) pour survelDer la tempe- 
rature du moyen de support (192). 

4. Syst&me selon la revendlcation 3, dans lequel le 
moyen (188) pour survefller la temperature du 
moyen de support (192) comprend un element 
(188) sensible a la temperature. 

5. Systeme selon la revendlcation 3, dans lequel la 
oommande de la premiere valeur de consigne de 
temperature (428) comprend un potentiomdtre 
(428) pour regler la temperature a laquefle le moyen 
de support (192) dolt etre malntenu au oours de la 
reaction. 

6. Systeme selon la ravendication 1 , dans lequel reie- 
ment de chauHage (182) et ie moyen pour supporter 
reiement de chaufbge (182) comprennent ensem- 
ble un trace en film k resistance eiectrlque (162) 
supportesur uncarreau en ceramique (192), le car- 
reau (192) comportant une premiere surface sur la- 
queOe est prdvu le trace en film e resistance eieo- 
trtque (162). 

7. Systeme selon la revendlcation 6, dans lequel le 
cameau en ceramique (192) comprend un carraau 
en nitrure d'alumlnlum (192). 

8. Systems selon la revwdication 6, dans lequel le 
carraau en ceramique (192) comprend une deuxie- 
me surface (194) opposee e la premiere surfece, la 
caracterisdque de coagulation de rechantlllon etant 
determlnee en plagant rechantlllon dans une cuvet- 
te (494) possedant une troisieme surface (506) des- 
tlnee e entrer en relation de conduction de chaleur 
avec la deuxieme surface (194) du camsau en ce- 
ramique (192) avant la detenninatlon de la caracte- 
ristlque. 

9. Systeme selon la revendlcation 6, dans lequel le 



moyen (188) pour surveDler la temperature du 
moyen de support (192) comprend un thermistor 
(186). 

9 10. Systems selon la revendlcation 7, dans lequel le 

carraau en oeramique (192) comprend une deuxie- 
me surface (1 94) opposes d la premiere surface, la 
caracterlstlque de coagulation de l*6chantiDon etant 
determlnee en plagant i'6chantiilon dans une cuvet- 

10 te(494)possed8ntunetrol8iemesurfiace(508)des- 
tlnee e entrer en relation de conduction de chaleur 
avec la deuxieme surface (194) du cameau en ce- 
ramique (192) avant la determination de la caracte- 
rlstlque. 

16 

11. Systeme selon la revendlcation 10, dans lequel ie 
moyen (186) poiff surveSier la temperature du 
moyen de support (192) comprend un thermistor 
(188). 

20 

1 2. Systems selon la revendlcation 6, dans lequel Uns- 
trument (100) oomprend un dispositifde commands 
(284) et la commando de la deuxieme valeur de 
consigne de temperature (terminal SETPooiT 2) 

2ff oomprend un terminal de sortie (terminal SETFoinT 
2) du dispositif de commande (284) pour generer 
un signal indlquant que le moyen de support (192) 
dolt dtre chauffe d partlr de la temperature ambiante 
pour determiner la caracterlstique de coagulation 

so de rechantlllon. 

13. Systeme selon la revendlcation 12, dans lequel la 
commande (322) du dispositif de chaufEage, le 
moyen de surveillanoe (1 88) et ie moyen (TH+, TH-) 

35 pour coupler le moyen de surveillance (168) e la 
commande (322) du dispositif de chauffiBge com- 
prennent ensemt>le un ampflficateur dltferentlei 
(426) et un montage en pont comportant des pre- 
miere (420, 422), deuxieme (428, resistance de mi- 

40 se e la terre), troisieme (430) et quatrieme (TH+, 
168) branches du pont, rampilficateurdrfferen- 
tiel (426) englobant un terminal d'entree inversant 
(-) et un term^al d'entree non Inversant (*), un 
moyen pour coupler de maniere rMproque le ter- 

46 minal d'entrde Inversant (-) et ies premiere (420, 
422) et deuxieme (428, resistance de mise e le ter- 
re) branches du pont et un moyen pour coupler de 
maniere redproque le terminal d^tr6e non Inver- 
sant (+) et les troteieme (430) ^ quatrtenre (TH^, 

60 TH-, 168) branches du pont, la deuxieme branche 
(428, resistance de mise d la terre) du pont englo- 
bant le oommande de la premiere valeur de consi- 
gne de temperature (428) et la quatrieme branche 
(TH^, TH-, 186) du pont engbbant le moyen (188) 

66 pour survelller la temperature du moyen de support 
(192). 

14. Systeme selon la revendlcation 13, dans lequel le 
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moyen (188) pour survefller la temperature du 
moyen de support (192) comprend un 616ment 
(188) sensible d la tempdratuie. 

1ft, Sysfe&me selon la revendicatlon 13, dans lequel la 9 
oommande de la premiere valeur de conslgne de 
temperature (428) comprend un potentlomdtre 
(428) pour r6gler la temperature k laqueOe le moyen 
de support (192) dolt dtre malntenu au couis de la 
rdacUon. io 

16. S^^me selon la revendicatlon 8, dans lequel Hns- 
tmment (100) comprend un disposltif de commande 
(284) et la commande de la deuxidme valeur de 
oonslgne de temperature (terminal SETPoinT 2) fff 
comprend un terminal de sortie du dispositif de 
commande (284) pour g6nerer un signal Indiquant 
que le moyen de support (192) doit dtre chauffe d 
pertir de la temperatajra amblanta pour detemiiner 

la caracteristique de coagulation de rechantillon. 20 

17. Systeme selon la revendicatlon 16, dans lequel la 
oommande (822) du dispositif de chauffage, le 
moyen de surveillance (1 88) et le moyen (TH+, TH-) 
pour coupler le moyen de sunfeHiance (188) d la 25 
commande (322) du dispositif de chaufTage com- 
prennemt ensemble un ampiificateur difierentiel 
(426) et un montage en pont comportant des pre- 
miere (420, 422), deuxieme (428, resistance de mi- 

se d la lerre), troisieme (430) et quatrieme (TH4, 39 
TH-p 168) branches du pont, ramplificateur dllf^en- 
tiel (426) englobant un temrilnal d'entree inversant 
(-) et un temilnal d'entree non inversant un 
moyen pour coupler de manidre redproque le ter- 
minal d'entree Inversant (-) et les premiere (420, 3ff 
422) et deuxieme (428, r§«8tance de mise d la ter- 
re) branches du pont et un moyen pour coupler de 
maniere redproque le temilnal d'entree non inver- 
sant [*) et les troisieme (430) et quatrieme (TH+, 
TH-, 188) branches du pont la deuxieme branche ^ 
(426, resistance de mise k la terre) du pont englo- 
bant la oommande de la premiere valeur de oonsl- 
gne de temperature (428) et la quatrieme branche 
(TH+, TH-, 186) du pont englobant le moyen (1W) 
pour surveiller la temperature du moyen de support ^ 
(192). 

18. Systems selon la revendicatlon 17, dans lequel ie 
nrayen (186) pour survefller la temperature du 
moyen de support (192) comprend un element ^ 
(188) sensible e la temp^vature. 

19. Systeme selon la revendicatlon 17, dans lequel la 
oommande de la premiere valeur de conslgne de 
temperature (426) comprend un potentiometre ss 
(428) pour regleria temperature e laqueDe le moyen 

de support (192) dolt etre malntenu au oours de la 
reaction. 
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FIG. 3 
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FIG. 5 
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FIG. 8C FIG. 8B 
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Amplitude (mtlltvotts) 
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FIG. I7A 
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